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David Hsieh, Senior Director, Displays IHS 
Technology 


Two Companies Influencing Display Industry in 2017 
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BOE No.1 TFT LCD Capacity in 2019 


+ Foxconn (Century, Innolux, Sharp) has the largest TFT LCD capacity in 2017. Samsung Display 
continue to reduce its TFT LCD capacity. Gen10.5 will be the kick off for BOE to become No.1 WW 
TFT LCD capacity owner. 
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China OLED Capacity Far Below Korea, But Growing 


+ 2016: Samsung Display + LG Display AMOLED Capacity vs. China Capacity = 7.9M m2 vs. 0.2M m2 


- 2019: Samsung Display + LG Display AMOLED Capacity vs. China Capacity = 23.3M m2 v.s. 4.8M m2 
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China Smartphone brands have started to use China OLED 


> Chinese smartphone brands purchased approximately 50 million OLED smartphone displays in 


2015. This wil grow to mare than 85 milion in 2016, including exe. „ы a 


OLED penetration in Smartphone by China Makers 


China Brands Total 
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China FPD Investment 


Geng (Gen8.5) Fab in China 


* Local government support is important for China LCD makers. 


+ BOE is aiming to be No.1 TFT LCD capacity. BOE's model is to gain support from many local 


governments. ChinaStar is to mainly support the mother group TCL. CEC is investing in TFT LCD 
for the new momentum of the government-own enterprise. 


China Gen8 & Gen10/11 Above Fab Status 2016-2018 
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Gen5.5+ in China :a-Si, LTPS, Oxide, OLED 


* LTPS + AMOLED is the main theme for investment. LTPS for smartphone displays. OLED as the 
technology upgrade and preparing for the flexible form factor. 
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BOE Investment Structure (Example Gen10.5 & Gen8) 


+ BOE Fuqing (181) Gen 8 
+ Total Investment: RMB 308 (USS5B) 


+ BOEinHefei( 


Hotei 
RMB s188 | 


BOE 
RMB $228 


+ Total Investment: RMB 40B (1558 


* Joint Venture with Ho 


в) 


Hetei Government 
45% ot Joint Venture 


BOE 55% of Joint Ventur 


+ Assume factory will be wholly owned by BOE, 
Fuzhou government facilitates all the financial an 
provides other suppor. 


Fuzhou 
RMB $158 
Loan 


BOE 
RMB $158 


Fuzhou government will 
loan BOE RMB $15 billion 


atzero 


interest 


Provide other subsidies 


and utilities 


BOE 100% Owned 


China Makers Strategy 
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BOE: Business strategy 


BOE's strategy 
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+ BOE SBG (Set Business Group) 
> BOE SO SBU (Set OEM Business Uni 


+ BOE BM SBU (Backlight Module 
Business Unit) 


TV OEM Customers 


- Panel: sizes 1-11 
max resolution 8K 
+ Tech: TN, FFSIPS 


BOE VT: Monitor, ВТУ 
BOE Lighting 

BOE Solar 

BOE Health Care (wearables) 


Apple, Acer, ASUS, Dell, 


HP. Lenovo, Samsung, 
Huawei, LGE, Foxconn, 
TPV, Gisda, BOE 


+ Applications: Notebook, TV, monitor, 


phone, tablet, industrial, automotive 


HSM 


BOE Exhibition in SID 2016 
+ TVs 
> 82-inch curved 10K TV (10240 4320) 
> 65-inch 8K (7680 x 4320) with an LCM that is 3.8 mm thick 
> 98-inch 8K (7680 х 4320) with HDR 
+ IT & Mobile 
> 15.6-inch UHD notebook panel with an oxide backplane 
> 10.1-inch UHD naked eye 3D tablet panel 


6.8-inch UHD smartphone with a 1.2 mm slim module 


55-inch UHD naked eye 3D smartphone panels 
2.8-inch UHD module for VR. With a ppi of 1574 
` Flexible 4.35. 


eh (1120 x 480) bendable and foldable panels. 
+ 34-inch curved monitor (3440 x 1440) 
> 12. 


ich curved automotive display (1920 x 720) 


> 7" displays that are shaped like letters of the alphabet (1920 ж 
1080) 


> 1.89-inch circle OLED display for wearables (454 x 454) — —' 


Ih performance mobile display 


etter Performance 


5.7 OHD rigid OLED 
Contrast: 20.000:1 
Color gamut: 100% NTSC 
Brighiness: 350 nits 
Response time: max 10 ms 


5.2” FHD narrow border LCD 


Module border: 0.7 mm 
Touch mode: FIC/TDDI 


5.57 FHD narrow border LCD 


Module border: 0.7 mm 
"Touch mode: FICITDDI 


6.8" UHD ultra-sim module LCD 


Thickness: 1.2 mm. 
Color gamut: 92% NTSC 
Brighiness: 450 nits 
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Gen10, 10.5 and Gen11 


* China Stars Gen 11 is the same size as BOE's Gen 10.5, with a 2940 x 3370 mm glass substrate. 


3130mm 
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Panel Size Economical Cut Glass Eieieney 


Economical cut 


Economical Cut Glass Eiciency 


CEC (China Electronics Corp.) 


CEC's Involvement in LCD 
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CEC-Panda, Gen8 Oxide Fab 


+ Oxide Gen8 ramp up start іп (245. + Struggle with MP until Q2'16. Small shipment only. 


+ Target product: 11.6” FHD NB (190ppi) oxide, + (many) Issues: Specification issue (mechanic), IGZO 
13.3" FHD NB (166ppi) oxide, , 5.5" FHD (403 yield rate and reliability, Driver IC is COF, not GOA, 
ppi) Smartphon therefore no slim-bezel, Sharp engineering support, 

Copper process, and most bottleneck: optical 
ignment for IPS. 


+ Four technologies transferred from Sharp. 


'CEC-Panda Geng Oxide Pian 


China Gen8.6 New Fab : Innolux's alliances? 


Economic Cut of Gen 8,6 
Gen Glass Size Economic Сы [Hybrid Cut — | Panel makers 
EN CCE | 32:46:60 Sha. 
Gens (8.5) | 2250x2500mm | | 324885 — | 432215" | Samsung Display LGD, BOE, CSOT. AUO, 
6532 Innolux, Panasonic LCD , CEC-Panda Nanjing 
ЕТТЕН ЕСТІГЕН 327,507,587 453235 — | Imoux (Taiwan) 
НКС (Chongqing, China) 
CEC fica (Xianyang, China) 
Gens (86+) |22902820тт ЕСЕСІ 68" +58 CEC Panda (Chengdu, China) Orde 


CEC-Panda Chengdu Gen8.6+ Oxide Fab: 68”+58” ММС 


CEC-Panda Chengdu Gen 8.64 (2290 x 2620 mm) product plan : Oxide + 8K Resolution 
2290 mm 


sew 


2620 mm 


New Comer of Gen8 in China — HKC 


+ НКС and Chongging Government joint venture 


totally RMB$12B (US$2B) НКС EN 


+ Gen8.6 TFT LCD Fab in Chongqing (BAE?) in 


Sichuan (8318) 


+ Cor 


(0217. first product is 32", then 50". Firstly for 
HKC in-house OEM. 70K/M Glass Input. 


73 


struction started from (13:15, MP aims at 


+ A 2" tier China local LCD Monitor and LCD TV 
'OEM/ODM/Brand Maker. 

* For China domestic market and global market. Own 
brand "НКС" in China. 

* OEM for Europe, North America, South Asia small 
brands. OEM for Tongfang. 

* Makes own BMS (Backlight, Module, System) 


Innolux, LG Display, Samsung Display BestBuy, Sanyo, JVC, Hitachi 


AUO, BOE, CEC-Panda 


China Domestic 


Oversea Open Price Brands 
lacklight Westinghouse, Seki, Sansui. RCA 
Haier 


HKC Gen8.6 (or called 8.5+)Fab Lifting beam ceremony 
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China Small Medium and OLED 
Investment 


China makers are in small 
rigid AMOLED shipment but 
reliability is not stable. 


The government subsidy is 
shifting the focus from LCD 
to AMOLED. 


BOE and CSOT invest in 
Kateeva, soluble printing 
OLED equipment developer. 


GVO (Visionox) 4.6" 200 рр! Flexible 


EverDisplay Flexible 5.6" QHD 


Tianma Bendable 55" FHD 


BOE Foldable 4.35" WVGA 
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BOE: The most aggressive panel maker 


+ Flexible AMOLED is the ultimate target of BOE small/medium display technology. BOE plans aggressive 
plan to invest flexible AMOLED capacity directly in their Chengdu B7 fab and books one Canon Tokki ! 
Gen 6 evaporation equipment. Even though the equipment deliver will be delayed to Q1'17, BOE will stil 
be the first one in China to own the las 


Boling BI Gens asil 


Gen 


Chengdu Bî E ависр 1 Ria ак [NP 
been Geng aSiLCD pe МР 
peer E Green pe МР ETT 
(Touch 
AMOLED 1 Rigid эк МР 
LTPSLCD 2 ва эк 
Chengdu87 Geng AMOLED ЖЕГІШ ме 


2 Hexe 165K ме 


з рее 2 


BOE OLED and Flexible Plan 


* BOE wil have two fabs in OLED for smartphone : Gen5.5 (Rigid OLED) 


and Gené (Flexible OLED). The plan is to MP rigid OLED in early 2016, бл. EE 
and then Flexible OLED in the middle of 2018. EEE 
+ BOE plans to implement FLI (Function Layer Integration) to achieve іпе wawam 


“foldable”. The FLI is to integrate the OLED polarizer + touch «cover ||| ms = 
plastic film. 


Milestone | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | (2020 
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Automotive and other industrial applications will continue to be important to make use of these G4.5 


5 type AMOLED 
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Tianma OLED Plan 
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ARM Substrate capacity АКМ Substrate capacity 15KM Substrate 15KM Substrate 
Rigid OLED Rigid OLED capacity Flexible OLED Capacity Flexible OLED 
Source: HS ©2016 HS 


Tianma OLED Roadmap 


2018 


57 QHD 
Border: 0.8mm 
350 nits 
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Source: HS 


Tianma AMOLED Panel in SID 2016 


Tianma - Thinner rigid OLED |É тапта - 5.5" flexible AMOLED E FEA 
display display saha 


5.5" HD TFE/OLED 
Thin-flm encapsulation (TFE) 
Resolution: 720 x 1280 
Pixels per inch: 267 
Brightness: 350 nits 
Contrast ratio: 10,000:1 


5.57 flexible AMOLED 
Resolution: 720 x 1280 
Pixels per inch: 270 

Bending Radius: 20 mm 


5.2" FHD 
border 
‘OLED 


Resolution 
1080» 
1920 


Pixels per 
inch: 427 


Brightness 
350 nits 


Contrast 
rati: 
10000: 


Border 
width 12 


1.8 HUD 
Head Up Display 
Resolution: 480 x 240 
Transmission: 6.5% 
Contrast ratio: 1000:1 


12.3" Curve + РСАР 
(Projective Capacitor 


Touch) 


Resolution: 1920 x 720 
Brightness: 900 nits 
Contrast ratio: 1000:1 


14.1" 2K1K SFT 
(Super Fine TFT) 
Resolution: 2560 x 1440 
Brightness: 600 nits 
Contrast ratio: 1200:1 


Visionox (GVO) OLED Development 


Visionox (GVO) OLED Development 


201412 201501 2015.06 20150 201512 201603 — 201605 


* Visionox : traditional PMOLED supplier. Expand to AMOLED 


* GVO (GVO = Govisionox) Kunshan G5.5 AMOLED capacity is 
Visionox's first AMOLED MP plant. 


* Black Саше Foods is investing in GVO for Gen5.5 AMOLED 
Capacity expansion and Gen6 OLED fab. Capacity will be 30,000 
Gen 6 substrates to produce both rigid and flexible AMOLED 
panels. The investment also includes the OLED module assembly 


factory. m 
erretze AMOLED 1... Rad га 

2 pe we 
GVO Gan ГИВЕН We 


GoVisionox's New Gen 6 AMOLED investment plan in Hebei province 


GoVisionox Black CattleGu'an Gov. Bank GoVisionox Black Cattle Bazhou Gov. Bank 
Technology [аьа СМУ | Lana [Loan Technology |1 bn CNY | Land Loan 
Management = Management Уве. 

v 
Guan (li) Plant (OLED Panel) Bazhou (ВИ) Plant (OLED Module) 
30 bn CNY Son CNY 
30K/M Substrate G6 AMOLED, 57 M pcs/M AMOLED module 
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Truly: From module maker to panel maker 


+ Truly : traditional LCD module maker, touch module maker, fingerprint recognition module 
and CCM module maker. * after buying the old equipment from previous Samsung L4 and 
L5 plants, Truly has made big progress on LCD makers. 

- Announcement of the first 5” 720HD a-Si LCD sample in Huizhou Gen 4.5 plant, In July'16 
Truly disclosed their first AMOLED samples from the G4.5 AMOLED Gen4.5 plant 


* The focused sample of this demonstration was a 5.7"(5.68") FHD rigid AMOLED display, 
388ppi. The RD sample will be ready for strategy client plan to MP by 0416 


ЕШТЕ 5.7” но AMOLED Truy automotive dispa Truly Huizhou Plant 


Ges AMOLED 2223 
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EverDisplay AMOLED 


+ EverDisplay is focusing on AMOLED, without LTPS Cell equipment. But MP is not smooth due to the 
yleld rate stability is not good. HTC orders in 2015 but lost from 2016. Recently EverDisplay is 


shipping smartphone OLED (FHD) to Coolpad. 


[EDO smallmedium display fab production strategy 

Fab Generation SM% Processtech. 0150185 | 2016 Glass Capacity Product 
тт) Capacity юм, 
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(730 920) ezean VR. Automotive 

LI cons 100% AMOLED Investment from Shanghai Rigid and Fiexble , Mobile Phone 
(1500 » 1860) 


government: 30K/M. MP in 2019 
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Taiwan Intends to Maintain Market Shares in 2017 


+ Thanks to new capacity added from AUO and Innolux in 2017, it helps to maintain Taiwan panel 
maker's market share in the worldwide. Meanwhile, Korean panel makers’ defocus on TFT LCD panels 
also help Taiwan makers' market shares. Specially Taiwan panel makers are aggressive in TV and 


Notebook applications. 


Taiwan panel maker's BP in 2016 and 20TT(millions 
units) 


‘Application Suppliers gez 2017(F) YoY 


Taiwan panel maker's market share in the worldwide 
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UHD. super narrow bezel 
(18 mm) LTPS notebook 


ee 


ОНО, 200 Hz ultrawide curved display 
‘worlds highest curvature at 18008 


AUO TFT LCD Capacity Strategy 


AUO glass input by fab stat 


(000 sheets per month) 
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Innolux maintains to target middle-low end market 
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Products exhibited by innolus at rade shows 
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Innolux Finding The Best Solution in Each Fabs 


Line Gen 003185) GOSE Loading 06166) Applications Remark 
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Innolux's LCD TV InnoModule business model 


+ Innolux launched its Module+ concept, which integrates the module front bezel and rear plate to 
achieve a narrower bezel and thinner depth. It has been implemented with 40, 50, 58, 65-inch models. 


+ Advantages: Saves time, improves cost negotiations, and only one supplier is responsible. 


+ Disadvantage: Standardized, single source, value-add reduced 


CPT and HannStar fab status 


+ CPT utilization rate is expected to maintain as 95% averagely in both LIA and L2 in 04116, thanks to 
strong mobile panel demand. 


+ HannStar utilization remain high in Q3'16 and Q4'16 due to the shortage on a-Si mobile phone panel. 


СРТ and HannStar glass input by fab status (K/M) 
Panel maker Line Gen eeren 0416) | Urmaeter) Applications. 
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CPT Technology Oxide & OLED Investment 


Taiwan Chinese government 
e pere 
EIS Fujian Electronics & Information CNY 2.5B. 
1 iome appliances. 
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CPt Technology ere ETZE 


China 
Stock market 
Investors 
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CPT Technology 


| LCD Module 
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CPT Technology 
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Overview: Taiwan maker's strategy evaluation 


+ AUO is limited by capacity and customer + HannStar suffers only one GS capacity with 
structure, it seems hard to expand display entry model products only. So they have to have 
business scope. AUO needs to work in the flexibility to find customers in the niche. 
che and higher end mare. + Excepted new G6 lines in China, CPT's 


+ Че Combine with Sharp's panel business, it currently panel business is also gloomy in small 
enhances Innolux's competitive incapacity, and medium size display. 

technology and product in the future. 

Five forces Five forces analysis for CPT and HannStar 
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Thank you for your attentions 


David.hsieh@ihsmarkit.com 
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